The main goal of this research was to quantify the concentrations of total and ammonium N, nitrate, total and soluble P in the water in the presence of Eichhornia crassipes and Salvinia auriculata, which were submitted to two different photoperiods in a 24 hours incubation period in the laboratory. The macrophytes were incubated in plastic vials of approximately 1.5 litters, with a previously prepared solution with NH 4 NO 3 , NH 4 Cl, and KH 2 PO 4 . Eichhornia crassipes showed the highest average rate of reduction of all the nutrients analysed in relation to Salvinia auriculata. The largest photoperiod reflected in a higher average rate of reduction of nutrients, in both plants. Therefore, we may expect that in some periods of the year (e.g. summer), the aquatic macrophytes would show higher growth rates and higher rates of nitrogen and phosphorus absorption. These results are important for the implementation and management of wastewater treatment systems in tropical areas using aquatic macrophytes. 
INTRODUCTION
Many studies (Reddy & Smith, 1987; Kadlec & Knight, 1996) have emphasised the role of the aquatic macrophytes play in treating water bodies subjected to the dumping of domestic and industrial effluents.
These plant species can accumulate nutrients, especially nitrogen and phosphorus, which are the principal compounds responsible for eutrophication in lacustrine environments.
Eichhornia crassipes may be considered as the most important and commonly used species of aquatic macrophytes used to treat domestic effluents (Brix, 1993) . Gopal (1987) cited many studies of this species and reports different rates of nutrient uptake. Thus, showing the high potential of this species to remove many compounds. The species of the genus Salvinia exhibit a lower efficiency in systems of sewage treatment, when compared to other floating aquatic macrophytes (Reddy & Debusk, 1985; Tripathi et al., 1991) . According to ROOM (1986) , these plants can offer efficient pollution removal only when carefully managed.
Processes that are not fully understood determine the removal of nitrogen and phosphorus by aquatic macrophytes in wetlands. However some of these processes can directly influence the dynamics of aquatic macrophytes (Reddy & D'Angelo, 1997) . According to some studies, the growth rate of floating aquatic macrophytes is directly related to the intensity and amount of light. Therefore, light intensity and quantity along with temperature are the most important factors influencing the absorption rates for nutrients and the productivity of these plants (Gopal, 1987; Urbanc-Bercic & Gaberscik, 1989; Sharma & Edem, 1991) .
The main goal of this study is to quantify the influence of two photoperiods on the removal capacity of nitrogen and phosphorus compounds in the water by the activity of E. crassipes and S. auriculata. From laboratory experiments, we may infer whether periods of the year with a greater light incidence (e. g. summer) will cause greater nutrient absorption performed by the aquatic macrophytes. These data are relevant for the development and implementation of successful sewage treatment systems in tropical areas using aquatic macrophytes.
METHODS
The floating aquatic macrophytes Eichhornia crassipes and Salvinia auriculata were manually collected in the mouth of the largest sewage channel in a tropical coastal lagoon (Imboassica Lagoon) (Petrucio & Esteves, in preparation A young individual of Eichhornia crassipes, with an average of three leaves of 4 x 7 cm, was placed in each flask. For Salvinia auriculata, each flask received an individual with approximately 6 fronds with a diameter of 1.0 cm. Before and after 24 hours of incubation, the temperature, salinity, electric conductivity of the water (digital thermo-salinometer-conductivimeter, LabComp SCT) and the concentrations of nitrogen and phosphorus were quantified. At the end of the experiment the plants were removed from the flasks and placed in a drying oven (70 o C) in order to obtain the dry weight of the plant material.
The dissolved fraction of the nutrients was obtained by filtration with GF 52/C (Schlücher & Schüll) filters, which were later used for the determination of chlorophyll-a, according to Nusch & Palme (1975) . The concentration of total nitrogen (µg/L) was obtained according to Mackereth et al. (1978) and the ammonium nitrogen (µg/L) according to Grasshoff (1976) . The concentration of nitrate (µg/L) was obtained after reduction to nitrite in amalgamated cadmium columns, according to Mackereth et al. (1978) . Total phosphorus (µg/L) and reactive soluble phosphorus (µg/L) were determined according to Golterman et al. (1978) , and dissolved oxygen according to Winkler, with the modifications proposed by Golterman et al. (1978) .
Variance analysis (ANOVA) was applied to each nutrient that was analysed in order to verify whether they were significantly different among the samples (E. crassipes and S. auriculata) and among the treatments (photoperiod). Furthermore, the values of chlorophyll-a were analysed against the nutrient concentrations by means of the Pearson linear correlation in order to see if there significant correlations exist between these parameters.
RESULTS
The initial concentrations of dissolved oxygen in the water of the flasks containing E. crassipes were higher than those in the flasks with S. auriculata (Table 1) . However all of the flasks had a high recorded concentrations (> 90%Sat). The concentrations of chlorophyll-a did not vary thought the experiment in the flasks with E. crassipes, only the controls exhibited a decrease. In the treatments with S. auriculata and in the respective controls, a increase was observed in the chlorophyll-a concentrations in all of the flasks at the end of the experiment.
The concentrations of nutrients in the water showed very little fluctuation (Table 1) . The nitrate values in all of the controls and in S. auriculata exhibited increases related to the initial concentration (To). For the other nutrients, a decrease was observed in the concentrations after 24 hours of incubation in all of the flasks. The high percentage of decrease of total phosphorus (79.1%) and reactive soluble phosphorus (84.4%) in E. crassipes must be noted, when incubated with 12 hours of photoperiod. The samples with S. auriculata had lower percentages of decrease. Chlorophyll-a did not exhibit any significant correlation with the nutrients that were analysed in all of the flasks with plants over in both photoperiods ( Table  2) .
The reduction in the concentrations of nutrients in the water with E. crassipes, were significantly different from those obtained with S. auriculata (Table 3) . It may be said that E. crassipes exhibited a significantly greater percentage of reduction in the analysed nutrients in both photoperiods. Regarding the comparison between the treatments (F10 and 12) the differences are also significant for both species. Therefore the flasks were exposed for 12 hours to light had a significantly greater percentage of reduction when compared to those which had only 10 hours (except for nitrate concentrations) in all of the flasks. The controls exhibited a reduction in the concentrations of nutrients significantly different from those obtained in the flasks with plants, except for the concentration of nitrate, which, was not significantly different from those obtained with S. auriculata.
DISCUSSION
According to Gopal (1987) the optimum temperature for Eichhornia crassipes is around 25 o C. Higher rates of absorption of N and P were observed during the summer, for this same species (Reddy & Tucker, 1983; Urbanc-Bercic & Gaberscik, 1989 ). Whiteman & Room (1991) , in laboratory experiments with controlled temperatures, have shown that Salvinia molesta, when exposed to temperatures below -3 our above 43 0 C, died after an interval of 2 to 3 hours. Cary & Weerts (1983a , b, 1984 also worked with S. molesta, and revealed that the best rates of production and absorption of nutrients, especially nitrogen and phosphorus, were in the range of water temperature between 24 and 28 o C. According to Room & Kerr (1983) the temperature is directly related to the growth rates of this species. From the reports cited, it may be concluded that the temperature has a direct influence on nutrient absorption capacity and that in this experiment the plants were incubated in the ideal temperature (25 o C) for their optimum production.
The concentration of chlorophyll-a in the water may be used as an estimate of the phytoplanktonic activity (Wetzel, 1981) . The low values of chlorophyll-a (< 9 µg/L) associated with the small fluctuations of dissolved oxygen observed in the flasks may indicate a smaller influence of the phytoplanktonic community in the percentages of nutrient reduction.
This fact, as well as the results obtained in the controls (Table 1) , demonstrates the role aquatic macrophytes play in the absorption of nitrogen and phosphorus from the water column. 
TABLE 1

Concentrations of nitrogen and phosphorus in the water of the flasks with E. crassipes (E), S. auriculata (S) and controls (C), incubated under the influence of two different photoperiods (Group 10 and 12). Percent red, represents the average percentage of reduction in the concentrations of nutrients.
The percentages of nutrient reduction found in the literature exhibit a great range of fluctuation. For the concentrations of total nitrogen values between 50% and 96% of reduction were found, and for phosphorus between 36% and 90%, allowing for the environmental conditions to which E. crassipes is exposed (Debusk & Reddy, 1987; Tripathi et al., 1991; Sharma & Oshodi, 1991; Zakova et al. 1994 ).
For S. auriculata, there are fewer data, however, for the genus Salvinia we may find concentrations of total nitrogen with values of reduction between 40% and 60% and between 35% and 50% for phosphorus, allowing for the environmental conditions under which these plants developed (Room, 1986) .
In this research, E. crassipes also presented the highest percentages of nutrient reduction, when compared to S. auriculata. However, the percentages of nitrogen reduction (in both species) and phosphorus reduction (in S. auriculata) were quite lower than the expected in the literature. Only the percentage of phosphorus reduction presented by E. crassipes are close to those found in the literature, and may be considered high. The aquatic macrophytes received a constant amount of light (170 µE/m 2 /s) throughout the incubation period.
The temperature in this experiment was not a limiting factor of the nutrient absorption rates. In addition, the nutrient concentrations themselves were not limiting and therefore, it may be inferred that the amount of light influenced the percentages of nitrogen and phosphorus reduction of the water column.
In studies with Eichhornia crassipes, UrbancBercic & Gaberscik (1989) states that the compensation point for light intensity in this species would be between 30 and 70 (µE/m 2 /s). Sharma & Edem (1991) , reported an alteration in the growth rates in plants cultivated with low intensities of light (approximately 20, 41 and 102 µE/m 2 /s), with an increase in the growth rates following the increase in light intensity. The same relationship (light X growth) was observed by Gopal (1987) in experiments with this same species, although Roy et al. (1987) , however, the saturation point would be between 1,500 and 2,000 µE/m 2 /s. These results, with small fluctuations, also apply for Salvinia auriculata regarding the light influence on growth. Martins-loução et al. (1993) , working with three different species of Salvinia (including S. auriculata) has shown through laboratory experiments that this species can absorb nitrogen in individuals cultivated with 200 µE/m 2 / s of light and over a photoperiod of 16 hours. The values of light intensity may have been responsible for the low rates of nitrogen reduction by the individuals of E. crassipes and S. auriculata, and apparently this species was the one that suffered the most with the low levels of light incidence. The realisation of other experiments with higher levels of light incidence would be of utmost importance for the confirmation of these assertions.
The increasing photoperiod reflected a higher percentage of nutrient reduction for the two observed species. Eichhornia crassipes even under low light intensities, had high percentages of phosphorus absorption. The adequate combination of temperature and light intensity propitiates an increase in the nutrient removal capacity. Therefore, we may expect that in some periods of the year (e. g. summer), when we observe higher water temperatures (30 o C) and a greater photoperiod, the aquatic macrophytes would show higher growth rates and higher rates of nitrogen and phosphorus absorption. These results are important for the implementation and management of wastewater treatment systems in tropical areas using aquatic macrophytes.
